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1. Introduction
   Cervical myelopathy (CM) is a common disorder that 
affects primarily the middle-aged people, but as an acute 
disease can evolve at any age of patients. The natural 
history of CM has not explored entirely but multiple factors 
include static, dynamic and biomolecular factors[1-4]. 
All static factors such as spondylosis, degenerative disc 
disease, congenital stenosis and ossification of the posterior 
longitudinal ligament (OPLL) or ligamentum flavum are able 
to cause local ischemia, neurological injury and dysfunction 
by mechanical compression in the narrowed spinal canal[1]. 
Dynamic factors consist of dynamical changes in neck 
movements that cause repetitive axonal injuries by putting 
increased biomechanical forces on the spinal cord and 
narrowing the space within the spinal canal[1]. Biomolecular 
factors can be the causes of CM as well as the consequences 
of the aforementioned factors and include ischemic injury, 
excitotoxicity and neuronal apoptosis[1]. Symptoms of CM are 
diverse and can be divided in two main groups. Segmental 
symptoms involve radiating pain and neural deficit in the 
supply area of a nerve root. Long-tract symptoms include 
pathological reflexes, quadriparesis-plegia, sensory loss 
mainly on extremities and bladder-bowel dysfunction[2]. 
   From multiple factors, dynamic factors especially in 
traumatic cases may be the main reasons of an acute 
disease with rapidly evolving symptoms. It is accepted 
that poor outcome may eventuate with delay in surgical 
intervention[5-7], and in traumatic cases the rate of 
complications can be decreased if the operation is carried 
out within 24 h[8]. Prognostic factors of surgical outcome 
are also divisive and contain the duration of symptoms 
before surgery[6] or a high-signal area on T2-weighted MR 
scans[9,10]. 
   In general, an ideal surgical procedure for decompression 
of CM should be individualized to patients, should minimize 
the damage of normal structures and should be highly 
effective. Minimally invasive spine surgery techniques 
(MISSTs) have been developed with the goal to achieve 
better clinical outcomes than traditional procedures may 
offer. MISSTs aim to preserve posterior motion segments 
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and paraspinal muscles as much as possible, reduce 
iatrogenic consequences and promote faster recovery with 
allowing patients to resume normal daily activities sooner. 
In addition, some less invasive surgical approaches have 
been introduced that have advantages over other traditional 
techniques e.g. in posterior muscle function preservation or 
in the rate of complications. These procedures are important 
steps in the evolution of minimal invasiveness but they are 
not strictly considered to be MISSTs.
   The purpose of this article is to summarize and evaluate 
traditional techniques and MISSTs that may be applied in 
the treatment of acute CM. We aimed to present shortly the 
applicable methods and discuss in details the differences 
between these procedures. 
2. Anterior approaches
   Anterior approaches are the most appropriate ways 
of achieving decompression in anteriorly localized 
compressive factors and when the posterior approaches are 
contraindicated. In selected cases, they may perform better 
early postoperative clinical outcomes and may preserve 
posterior muscle functions[11]. 
   
2.1. Anterior cervical discectomy and fusion (ACDF) 
   The surgery is performed with operative microscope 
that allows adequate visualization of the disc space, 
uncovertebral joints, nerve roots and anterior duralsac. 
Discectomy can be supplemented with additional nerve root 
decompression if both canal and foraminal decompressions 
are required[12]. In case of OPLL, the compressive agent is 
the ligament itself thus the resection of hypertrophied and 
ossified ligament may also be crucial during the procedure. 
In the classical Smith Robinson fashion, iliac crest autograft 
is used for grafting, but other alternatives can also be 
applied such as spacers (Figure 1)[13].
Figure 1. Postoperative X-ray photographs show the decompression 
and fusion after multilevel (left picture) and single-level ACDF (right 
picture).
2.2. Anterior cervical corpectomy and fusion (ACCF)
   Stenotic levels are exposed under microscopic 
visualization. Resection of the vertebral body allows 
extensive decompression of the spinal cord and can be 
supplemented with removal of osteophytes or the resection 
of hypertrophied ligament. Vertebral body screws and 
typically iliac crest autografts are used to achieve sufficient 
fusion, but other alternative spacers also exist (Figure 
2). Preventing graft dislodgement and restoring lordosis, 
constrained, semi-constrained or dynamic anterior plates 
may be utilized[12,13].
Figure 2. Left picture: Intraoperative photograph shows single-level 
corpectomy and decompression of the spinal cord; Right picture: 
Postoperative axial CT scan demonstrates ACCF with application of 
spacer.
   Recently, hybrid procedures have been under investigation 
that address to strengthen the stability of grafts. The 
combination of a single-level ACDF with adjacent level 
corpectomy may be applied for treatment of multilevel 
diseases. The technique enables greater postoperative 
stability of spine but needs more operating time and graft 
contouring[12]. Beside sufficient early results, no long-term 
examinations have been conducted about its efficacy[12].
   Matz et al.[14] used an evidence-based approach to 
examine the outcomes of surgical intervention between mild 
and severe CM. In case of mild CM, Class II results showed 
equivalency between surgical and non-operative therapy in 
the short term (3 years). Only in case of severe CM, surgery 
seemed to be superior to non-operative therapy according to 
Class III evidences. They emphasized these evidences based 
on the inadequacy of underlying studies. Despite these 
results, Coric et al.[15] proved the long-term efficacy of ACDF 
in a prospective randomized study and Gao et al.[16] also 
reported good long-term clinical outcomes in the setting of 
ACCF according to a retrospective study.
3. Posterior approaches
3.1. Modifications of laminectomies
   Laminectomy alone is one of the oldest techniques 
in the treatment of CM with extended devastation of 
posterior elements and some drawbacks. Common negative 
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consequences are the postlaminectomy kyphosis that may 
lead to the recurrence of CM, spine deformity and neck 
pain[17-19]. Various modifications have been developed to 
avoid the disadvantages of laminectomies and fulfil the 
requirements of less invasiveness.
   
3.2. Laminectomy with fusion 
   Figure 3 shows laminectomy with fusion. The main 
indication for laminectomy with fusion consists of kyphotic 
alignment and presence of instability which is determined 
by the measurements of subluxation and angulations on 
static and dynamic views. Under the condition of instability, 
the possibility of postoperative progressive deformity is 
highly increased without fusion[20,21]. Lateral mass fixation 
is regularly performed with lateral mass screws and rods but 
additional bony grafts can be used to increase the fusion 
rates[17]. Anderson et al.[18] performed an evidence-based 
approach to evaluate the effectiveness of laminectomy 
with fusion. They found Class III evidences that showed 
neurological improvement after surgery with the rate of 
70%-95%. The reported complications included screw 
dislodging, hardware failure with loss of alignment and 
radiculopathy. Improved postoperative neck pain, prevented 
postlaminectomy kyphosis and instability may prove the 
efficiency of this modification[18].
Figure 3. Multilevel laminectomy with fusion on sagittal (left) 
and axial (right) postoperative CT scans in case of a patient with 
myelopathy, significant preoperative neck pain and kyphotic 
alignment. 
3.3. Skip laminectomy
    With limiting the destruction of posterior spinal elements, 
postoperative kyphosis and neck pain, skip laminectomy 
may fulfill the requirements of less invasiveness. By 
removing alternated laminae and preserving the posterior 
arches of interval vertebrae, skip laminectomy leaves intact 
muscle attachments. In other words, standard laminectomies 
alternate with partial laminectomies of the lower adjacent 
vertebra where the muscular attachments of the skipped 
vertebrae remain intact. Imaging studies determine how 
many laminae need to be removed but its number should be 
small to prevent the stability of spine. Shiraishi[22] performed 
successfully this surgery on 24 patients and measured an 
average recovery rate of 61%. No neurological deteriorations 
or recurrences of stenosis were evident in the follow-up 
periods. A 2-year follow-up study reported nearly similar 
average recovery rate (59.2%) and found skip laminectomy 
effective in avoiding postoperative complications that are 
frequent after laminectomy alone[23].  
3.4. Laminoplasty techniques
   Laminoplasty techniques have been developed as MISSTs 
with the goal of preserving dorsal elements and cervical 
motions as much as possible. Various types of laminoplasties 
have been described and all of them aim to widen the spinal 
canal with preventing postsurgical cervical spine instability. 
Multilevel cervical spondylosis (three or more levels), 
OPLL and spinal cord tumors are the main indications 
for laminoplasty[24]. Contraindications consist of kyphotic 
cervical disorders and less than three-level diseases. Many 
studies aimed to summarize laminoplasty techniques and 
described technical features thus we confine ourselves to 
indicate the main differences between methods.  
   
3.5. Open-door laminoplasty (Hirabayashi laminoplasty)
[24-26] 
   After dissecting the paraspinal muscles, the required 
cervical level is exposed and a bony trough is created at the 
medial one third of the lateral mass on the hinge (“closed”) 
side of the laminae. On the aperture (“open”) side, the 
lamina is drilled away entirely and the door can be opened 
with gently force to avoid the fracture of the laminae. Suture 
should be applied on the hinge side to maintain sufficient 
decompression or autograft can also be placed to achieve 
this goal (Figures 4 and 5). The method may also be repeated 
on other cervical levels accordingly to the expansion of the 
pathological process.
Figure 4. Left picture: Intraoperative photograph demonstrates 
open-door laminoplasty with autograft spacers and miniplates; 
Right picture: The 3D CT reconstruction image shows postoperative 
situation after modified open-door laminoplasty.
3.6. French-door laminoplasty[24,26]
   In this technique, the spinous processes are splitted in the 
midline then bilateral troughs are made as similar as in the 
open-door method. The integrities of laminae remain intact 
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on both sides. The split laminae are opened with gently 
forces in sequence as are French doors. Various spacers can 
be used to maintain sufficient decompression including bony 
autografts or synthetic spacers. Two types of modification of 
this method have been reported in the literature. Kurokawa 
modification[24,27] includes removing the posterior aspect 
of spinous processes and using them as spacers. Tomita 
modification (or T-saw laminoplasty)[24,28] involves using of a 
wire-saw to split the spinous processes. 
Figure 5. Left picture: Sagittal pre-operative T2-weighted MR scan 
shows stenosis of the spinal canal and signs of myelopathy in the 
spinal cord; Right picture: Sagittal T2-weighted post-operative MR 
scan demonstrates the decompression of spinal cord with open-door 
laminoplasty.
3.7. Z-laminoplasty[24,29]
   The method requires the removal of spinous processes. 
After thinning the laminae, a “Z” shapes are cut in the 
laminae so the sides of the laminar opening are alternated. 
Separating the sections enables the enlargement of spinal 
canal and it can be maintained by securing the laminae with 
sutures or wires.
   Complications of laminoplasty techniques consists of nerve 
root palsy (mainly C5 root palsy), closure of opened laminae, 
axial pain, infections, dural tears, pseudomyelomeningocele 
and decrease in lordosis[26]. The last one highlights 
lordotic patients are the best candidates for laminoplasties. 
Additional consequence contains some loss of cervical 
range of motion but not as much as can be noticed in fusion 
techniques. This alteration in movements is controversial[30] 
because it can decrease the possibility of cord injury via 
dynamic components[31] but the stiffness increases the 
evolution rate of adjacent-segment disease[32].
   Matz et al.[30] used an evidence-based approach to 
evaluate the efficacy of laminoplasty techniques. Class III 
evidences anticipated a recovery rate of 55-60%. Class II 
evidences revealed duration of symptoms, poorly controlled 
diabetes, severity of myelopathy and stenosis are associated 
with poorer clinical outcomes. A few studies proved the 
long-term effectiveness (over 10 years) of laminoplasty 
techniques. Chiba et al.[33] reported satisfactory long-term 
neurological results after open-door laminoplasty but they 
noticed some deterioration in patients who presented with 
OPLL that may refer to the natural progression of disease. 
Seichi et al.[34] found similar long-term results after 10 years 
using double-door laminoplasty. In summary, improvements 
are evident after laminoplasties even in long-term follow-
up examinations[24].
   A newly developed variation of laminoplasty techniques 
is the cervical microendoscopic laminoplasty (C-MEL). 
This endoscopic version has been developed as a MISST 
to minimize the destructive components of laminoplasties. 
Good clinical outcomes have been reported but the number 
of cases involved in the study was small to draw conclusions 
about the long-term efficacy and safety[35]. 
3.8. Split laminotomy and the “archbone” technique
   The multilevel spinous process splitting and distracting 
laminotomy was primarily developed for adults to 
explore intramedullary spinal pathologies with the aim of 
preservation the anatomical integrity of posterior structures 
and spine stability[36,37]. Although, split laminotomy may also 
be an applicable procedure by decompression and moderate 
enlargement of the spinal canal in case of CMs. Leaving 
the muscle attachments intact and reducing postoperative 
complications, split laminotomy fulfils the requirements of 
MISSTs. 
   In midline posterior approach, the interspinous ligaments 
are dissected longitudinally and the ligamentum flavum is 
removed at the middle part. The spinous processes are split 
in the midline with an oscillating saw or craniotome then 
are separated and distracted with Cloward-type retractors. 
Preventing the fracture of the spinous process, gently forces 
may be applied for the retraction. Grafts or spacers can be 
placed between the bony parts of spinous processes facing 
each other to decompress and enlarge moderately the spinal 
canal (Figure 6). The method is similar to the placement 
of an ”archstone” into the arch of a vault in architecture, 
this theme was borrowed and modified to ”archbone” for 
surgery.
Figure 6. Intraoperative photographs show the separation and 
distraction of spinous processes with Cloward-type retractors (left) 
and the situation after placing spacers between the splitted spinous 
processes for moderate enlargement of the spinal canal (right).
   The authors recommend split laminotomy and the 
“archbone” technique in cases which requires moderate 
enlargement of the spinal canal. The technique is an 
effective method for creating extra intraspinal space 
and decompression without signs of postoperative spine 
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instability or deformation but further studies are required to 
evaluate the limitations, long-term effectiveness and safety 
in the treatment of CM.
3.9. Microendoscopic stenosis decompression (MEDS)
   The technique is a newly developed modification of the 
dorsal laminoforaminotomy and an alternative posterior 
MISST for bony decompression caused by spinal stenosis. 
Reducing the dissection of muscles and preserving the 
stability of spine may offer better clinical outcomes 
and decrease the rate of postoperative pain and time of 
hospital stay. Postoperative kyphosis which is a common 
complication of traditional procedures can be prevented 
by avoiding the destruction of midline dorsal cervical 
tension band, muscular attachments and facet complexes. 
The authors recommended kyphotic deformities as 
contraindications of this method[38,39].
   After positioning patients sitting, a guide wire is gently 
docked onto the bone on the required stenotic level under 
fluoroscopic guidance to avoid inadequate positioning. 
Placing initial dilators down to the lamina under fluroscopy 
is required to dilate the paraspinal musculature. The working 
channel is placed over the final dilator that is fixed with a 
table-mounted flexible arm. After removing the dilators, 
the endoscope is inserted into the working channel. The 
lateral aspect of the lamina and the base of spinous process 
are drilled away to perform foraminotomy and achieve 
adequate decompression. To visualize the contralateral part 
of the spinal canal, resection of the ligamentum flavum may 
be a helpful surgical step. Additional decompression can 
be performed on other levels with angulating the working 
channel cranially or caudally[38,39].
   Dahdaleh et al. recommended MEDS as an alternative 
technique to open laminectomy and laminoplasty in 
acceptable selected patients, but they emphasized more 
comparative studies should be carried out to evaluate the 
efficacy and complications[39].
4. Discussion
   Controversial results exist about which technique may 
be the most effective and we aimed to discuss and possibly 
answer this question.
   In general, examining the question anterior or posterior 
surgical approach is the better choice for multilevel CM[11], 
better clinical outcomes and more complications have 
been observed after anterior surgery only in the early 
postoperative stage (<5 years). More than 5-year follow-up 
examination has revealed similar outcomes and complication 
rates between the two approaches. Only in case of OPLL 
patients with more than 60% occupying ratio of OPLL, the 
superiority of anterior surgery has been proven in clinical 
outcomes[11]. On the other side, posterior approaches may 
be technically easier with fewer perioperative complications 
and shorter operative times[20]. However, some limitations 
of posterior approaches are kyphotic disorders that were 
marked as absolute contraindications. In case of more 
than three level stenotic CM and post-traumatic or post-
laminectomy kyphosis, a combined anteroposterior approach 
may be recommended but no controlled studies have been 
carried out to examine the clinical outcomes[11,40].
   Comparison of anterior procedures has revealed ACCF 
diminishes the number of graft-bone surfaces that are 
needed for fusion in multilevel stenosis and decreases 
the risk of pseudoarthrosis more than multilevel ACDF[12]. 
Significant differences between ACDF and ACCF results 
in regard to sagittal alignment, cervical lordosis, graft 
subsidence, and adjacent-level ossification have not been 
notified[41,42]. Comparing ACCF to laminoplasty, higher rate 
of complications including adjacent segment degeneration 
and higher amount of pain medication have been reported 
in the ACCF group[43]. Moreover, disadvantages of ACCF and 
ACDF consist of longer surgical time, more blood loss, and 
potentially more complications[44,45].
   Laminectomy with fusion compared to anterior approaches 
enables better neurological results, although, only Class III 
evidences prove its efficacy[18,46]. Contrasting laminectomy 
with fusion to laminoplasty, no significant differences in 
neurological recovery and in the rate of postoperative axial 
pain have been revealed[18]. Other studies have noticed 
better clinical outcomes, lower complication rates, lower 
implant costs and rates of reoperations in laminoplasty 
groups[47,48]. Although, laminectomy with fusion may be 
recommended in case of significant preoperative neck 
pain by reducing more efficiently the rate of pain[48] and in 
kyphotic disorders by preserving sagittal alignment better 
than laminoplasty[49].
   Skip laminectomy may provide better clinical outcomes 
in respect to complication rate, surgical trauma, 
preserved posterior segments and range of motion than 
laminoplasty[23,50]. However, the superiority of skip 
laminectomy cannot be emphasized because only limited 
studies exist that examine the differences in efficacy 
between these procedures[23,51].
   Considering laminoplasty techniques, none of them has 
been proven superior to each other in outcome, cervical 
alignment or preserving range of motions[24]. Minor 
difference may be that open-door laminoplasty expands 
the spinal canal asymmetrically by using one side as hinge 
point, whereas the French-door laminoplasty opens the 
spinal canal symmetrically in the midline[24,52]. Comparisons 
of laminoplasties to other methods have been discussed 
above in details.
   The effectiveness of MEDS and split laminotomy has been 
proven in decompressing the spinal canal sufficiently. 
Clinical outcomes are promising but no comparative studies 
have been conducted to contrast them to other treatment 
options of CM.
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   The purpose of this review was to summarize traditional 
techniques and MISSTs that may be applied in the treatment 
of acute CM and evaluating their efficacy with comparing 
them to each other. None of them has been proven to be a 
superior technique to each other, so we conclude the choice 
of treatment option of CM should be individually determined 
considering the location and extension of pathology, the 
familiarity of surgeon with techniques and as far as possible 
requirements of minimally or less invasiveness.
5. Conclusion
   Significant development of less invasive techniques and 
MISSTs has been witnessed in spine surgery recently to 
prevent negative biomechanical consequences that were 
noticed following some traditional methods. The general 
demand for developing and performing these procedures led 
to the report of many less invasive and MISSTs that may also 
be applied in the treatment of acute CM. The summarization 
and comparison of these methods did not reveal superiority 
of any procedures and individual decisions may be required 
in most cases.
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